The exact mechanism (s) responsible for the impaired water diuresis of primary and secondary adrenal cortical insufficiency is still unknown. Previous studies from this (1-3) and other laboratories (4-6) have suggested that this defect is due in part to the loss of a permissive effect of cortisol-like steroids on the diluting segments of the nephron, i.e., a normal amount of glucocorticoid is essential to allow maximal impermeability to water to develop in these segments in the absence of circulating antidiuretic hormone (ADH). This concept implies that the release, metabolism, and action of ADH are normal in the adrenal-insufficient patient (1-3). Others (7-12), however, imply that adrenal glucocorticoids directly affect the release and metabolism of ADH. This implies that the impaired water diuresis of adrenal insufficiency is due to the altered ADH physiology or its unopposed activity. These conflicting points of view have in general developed from experiments in which the release, metabolism, and action of ADH were studied indirectly rather than by direct measurement of the hormone in biologic fluids. Detection of physiological levels of circulating ADH can provide direct evidence that may settle this conflict.
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In the previous paper (13) the authors have described a sensitive and accurate bioassay for ADH. With this technique it has been possible to study the release, metabolism (turnover), and action of ADH in untreated patients and animals with adrenal insufficiency. The results conclusively demonstrate that the impaired water diuresis of adrenal insufficiency and its correction by glucocorticoids are not due to an alteration of release, metabolism, or action of ADH.
Methods
The studies were carried out on patients, dogs, and rats with adrenal insufficiency. The patients, three with secondary and one with primary adrenal insufficiency, took no glucocorticoid replacement therapy for 3 to 5 days before the study. In two males, J.B., age 68, and G.R., age 47, the adrenal insufficiency resulted from chromophobe adenomas of the pituitary, whereas in one female, P.S., age 42, it was secondary to total hypophysectomy for metastatic carcinoma of the breast. One male, A.B., age 43, had Addison's disease, probably due to primary atrophy of the adrenal cortex. In all patients the diagnosis had been unequivocally confirmed by blood and urine measurements of Porter-Silber chromogen before and after administration of ACTH.
A comparable experiment was run on each patient.
Water and liquids were withheld for 11 to 12 hours before the experiment. One hour after a light, dry breakfast, an indwelling venous needle was inserted after previous local procaine infiltration and left in place throughout the experiment. After a prehydration sample of blood was obtained, three of the patients drank 1,500 ml of tap water over 10 to 15 minutes. This level of positive balance was maintained throughout the experiment by additional oral ingestion of tap water. In patient P.S. hydration was attained by the rapid iv infusion of 0.45%o sodium chloride, and a positive balance comparable to 1641 The samples of venous blood obtained in the experiments on man and animals were handled as described in the previous paper (13) .
The animal experiments were carried out oil six conscious, previously trained dogs (15 to 20 kg) and 8 rats (100 to 150 g) before and after bilateral adrenalectomy. Rats were adrenalectomized after recovery from their previous bladder exteriorization procedure and maintained on isotonic saline as drinking water for 5 to 10 days until the morning of the experiment; the dogs were maintained on daily 20-mg injections of cortisol and 25 mg of desoxycorticosterone trimethylacetate every third week. The cortisol replacement was stopped 5 days before an experiment in all dogs. Two of the adrenalinsufficient dogs were used for the ADH studies.
The dogs were hydrated by stomach tube with a volume of tap water equal to 5 to 10%o of their body weight.
This level of hydration was maintained throughout the experiment by the iv infusion of 2.5% glucose in 0.45% sodium chloride. The animals reclined comfortably on surgical tables, and urine and blood samples were collected through indwelling bladder catheters and intravenous needles, respectively. The rat experiments were carried out in a manner identical to the assay procedure described in the previous paper (13) . The adrenalectomized rats were decapitated during maximal water diuresis under ethanol anesthesia.
Results 1) Experiments on man. After 11 to 12 hours of fluid restriction, the levels of ADH detected in the plasma of these adrenal-insufficient patients ranged from 3.5 to 4.0 ,tU per ml of plasma (Table I). These concentrations were comparable to those of normal subjects after similar periods of water deprivation (13) .
The pattern of response to the sustained water load in each of the patients is tabulated in Table I and illustrated for patients A.B. and P.S. in Figures 1 and 2. Maximal urinary flows and minimal urinary osmolalities attained during the sustained water load ranged from 1.7 to 2.7 ml per minute and from 279 to 300 mOsm per L, respectively. This degree of impairment in maximal water diuresis is comparable to that observed in earlier studies on a larger group of patients with primary and secondary adrenal insufficiency (1) .
Despite the marked impairment in diuresis, antidiuretic activity disappeared from the plasma in a manner identical to that of the normal subjects described in the previous paper (13 Figure 3 . Despite the fact that the latter part of the curve of subject P.S. is drawn through only two points, the similarity of these four curves to the normal is evident. Table II lists the fractional turnover rates and the tj of the initial and second parts of the disappearance curves. Although the fractional turnover (K1) of the initial part of the disappearance curves of the adrenal-insufficient patient was based on a two-point plot, the curves appear to fit into the pattern observed for the nor- mal subject dehydrated for less than 24 hours (13). Patient P.S. received 100 mg of cortisol intravenously after 2 hours of impaired diuresis. Within 1 hour a significant improvement in the water diuresis had occurred, and 21 hours after the injection urinary flow and osmolality were 6.8 ml per minute and 108 mOsm per L, respectively (Figure 2 ). This pattern of improvement in the sustained diuresis after intravenous administration of cortisol is very similar to that previously described (1, 3, 6 * The animals were ethanol anesthetized and hydrated in a manner identical to the assay procedure described in a previous paper (13) .
slightly by the very hypertonic urine of the previous sample U1. In three normal water-loaded dogs, urine osmolalities of 90, 120, and 110 mOsm per L, respectively, were found while the circulating ADH level ranged between 0.25 and 0.6 ,AU per ml. Anaerobic ultrafiltration of the plasma of dog 1, by the technique described in the previous paper (13), before and after adrenalectomy disclosed no binding to plasma protein. Again, despite the impaired diuresis, antidiuretic activity disappeared from the plasma in a manner identical to that observed before adrenalectomy in these two dogs (tj = 7.5 minutes, K = 0.0924). The disappearance curves before and after adrenalectomy are illustrated in Figure 4 . In contrast to the human experiments of this and the previous paper (13) , no separate initial slope (K1) was observed in these dog experiments. This may be due to the ad libitum ingestion of water allowed these animals.
3) Rat experiments. No detectable ADH was present in the plasma of four adrenalectomized rats decapitated during sustained water diuresis and ethanol anesthesia, a finding repeatedly observed in normal rats under similar conditions. In four additional rats maximal sustained water diuresis during ethanol anesthesia was observed before and after adrenalectomy. The degree of impairment is listed in Table V . Antidiuretic activity was not detectable in their plasma despite the impaired water diuresis.
To determine their sensitivity to exogenous ADH, these four rats received 0.1 and 0.25 ttU intravenously of arginine-vasopressin during the sustained water diuresis. Although no response was obtained after the 0.1 MAU, the 0.25 )mU caused a reduction of 0.05 ml per 10 minutes in each of the rats (Table V) . 1 Because of the altered renal hemodynamics and solute excretion that are present in the untreated adrenalectomized animal, it is not possible to equate the impaired water diuresis (Table V) with the response to a given dose of ADH in the normal animal (see Table I in reference 13) , that is, it cannot be stated that a given degree of antidiuresis in the adrenalectomized, water-loaded, ethanol-anesthetized rat is equivalent to a given dose of ADH ir a comparably treated normal animal. Despite this limitation, the response of the four adrenalectomized rats to 0.25 MtU of ADH did not suggest an increased sensitivity to the hormone. Therefore, it seems unlikely that their plasma contained an undetectable quantity of ADH which was responsible for the impaired water diuresis (Table V) .
Discussion
The direct measurements of circulating ADH in the present study indicate that adrenal insufficiency does not alter the release, turnover, or action of ADH. These measurements confirm the previous conclusions derived from indirect evidence (1-6).
In the adrenal-insufficient man, dog, and rat, water diuresis was significantly impaired despite circulating ADH levels of less than 0.25 MLU per ml. Such low concentrations in the normal animal are always associated with a maximal, or near maximal, water diuresis, and adrenal insufficiency does not increase the sensitivity of the nephron to ADH (see above and ref. 2). Therefore, residual circulating ADH during the sustained water load is not responsible for the impaired water diuresis of adrenal insufficiency.
What then is the cause of the defective water excretion? Previous studies (1, 3, 4) indicated that an impaired renal circulation and a decrease in the delivery of solutes and water to the diluting segments of the nephron, while contributing significantly, are not primarily responsible for the impaired diuresis. We can reasonably conclude that glucocorticoids have a specific effect on the permeability of water of certain biologic membranes.
In the animals studied a normal amount of this type of steroid seems necessary for the development of maximal impermeability of the distal nephron to water in the absence of circulating ADH. This would represent a permissive action of cortisol-like steroids. Pharmacologic doses of glucocorticoids can frequently enhance the maximal water diuresis of normal subjects and patients with vasopressin-sensitive and vasopressinresistant diabetes insipidus, without a significant change in renal hemodynamics or solute excretion (2, 4, (14) (15) (16) . This suggests an exaggeration of the physiologic effect of these steroids on water transport. It is now necessary to determine the nature of the direct effect of glucocorticoids on the permeability of certain biologic membranes to water.
Summary
The concentration of antidiuretic hormone (ADH) in the peripheral venous plasma of untreated adrenal-insufficient dogs, rats, and humans has been measured with a sensitive and accurate bioassay. It has been possible to demonstrate that adrenal insufficiency does not alter the release, turnover, or action of ADH. No detectable ADH was present in the plasma of the water-loaded human or animal with adrenal insufficiency despite a markedly impaired water diuresis. ADH is therefore not responsible for the defective water excretion. These studies strongly suggest that among other possible mechanisms adrenal glucocorticoids have a direct effect on the permeability to water of certain biologic membranes.
